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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, DC 20460

OFFICE OF CHEMICAL SAFETY
AND POLLUTION PREVENTION

August 7, 2019

Dear Registrant,

We are writing to you concerning label and labeling requirements for products that contain
glyphosate,

On July 7, 2017, California listed glyphosate as a substance under Proposition 65', based on the
International Agency for Research on Cancer’s (IARC’s) classification of the pesticide as
“probably carcinogenic to humans.” EPA disagrees with IARC’s assessment of glyphosate.
EPA scientists have performed an independent evaluation of available data since the IARC
classification to reexamine the carcinogenic potential of glyphosate and concluded that
glyphosate is “not likely to be carcinogenic to humans.” EPA considered a more extensive
dataset than IARC, including studies submitted to support registration of glyphosate and studies
identified by EPA in the open literature as part of a systematic review. For more detailed
information on this evaluation, please see the 2017 Revised Glyphosate Issue Paper: Evaluation

" of Carcinogenic Potential®>. Further, EPA’s cancer classification is consistent with other
international expert panels and regulatory authorities, including the Canadian Pest Management
Regulatory Agency, Australian Pesticide and Veterinary Medicines Authority, European Food
Safety Authority, European Chemicals Agency, German Federal Institute for Occupational
Safety and Health, New Zealand Environmental Protection Authority, and the Food Safety
Commission of Japan.

On February 26, 2018, the United States District Court for the Eastern District of California
issued a preliminary injunction enjoining California from enforcing the state warning
requirements involving the pesticide glyphosate’s carcinogenicity, in part on the basis that the
required warning statement is false or misleading®,

Given EPA’s determination that glyphosate is “not likely to be carcinogenic to humans,”” EPA
considers the Proposition 65 warning language based on the chemical glyphosate to constitute a
false and misleading stalement. As such, pesticide products bearing the Proposition 65 warning
statement due to the presence of glyphosate are misbranded pursuant to section 2{q)(1 }(A) of
FIFRA and as such do not meet the requirements of FIFRA. In registering pesticides, EPA must
determine that the labeling complies with the requirements of FIFRA including that the product

! California’s Safe Drinking Water and Toxic Enforcement Act of 1986 (also known as Proposition 65) requires
businesses to inform Californians about significant exposures to chemicals that, under the terms of Proposition 65,
are believed to cause cancer, birth defects or other reproductive harm. See Caiifornia Office of Environmental
Health Hazard Assessment, “Proposition 65,” at https://oehha.ca gov/proposition-63.

? htipsv/www.regilations. covidocument?D=EP A-HO-0OPP-2009-036 1-0073

? National Association of Wheat Growers, et al. v. Zgise, 309 F.Supp.3d 842 (E.D.Cal.)
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not be misbranded. See FIFRA 3(c)(5)(B). Therefore, EPA will no longer approve labeling that
includes the Proposition 65 warning stalement for glyphosate-containing products. The warning
statement must also be removed from all product labels where the only basis for the warning is
glyphosate, and from any materials considered labeling under FIFRA for those products.

For any pesticide product that currently contains Proposition 65 warning Janguage exclusively on
the basis that it contains glyphosate, EPA requests the submission of draft amended labeling that
removes such language within ninety (90) days of the date of this letter.

Sincerely,

Michael L. Goodis;
Director, Registration Division
Office of Pesticide Programs
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FIFRA Scientific Advisory Panel
Meeting Minutes and Final Report
No. 2017-01
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Environmental Protection Agency Regarding:
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Held at the EPA Conference Center,
One Potomac Yard
Arlington, Virginia









SAP Minutes and Final Report No. 2017-01

A Set of Scientific Issues Being Considered by the
Environmental Protection Agency Regarding:

EPA's Evaluation of the Carcinogenic Potential of Glyphosate

December 13-16, 2016
FIFRA Scientific Advisory Panel Meeting
Held at the EPA Conference Center
One Potomac Yard
Arlington, Virginia

James McManaman, Ph.D.
FIFRA SAP Chair
FIFRA Scientific Advisory Panel

ﬁ_\

MAR 16 2017

Steven Knott, M.S.
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ACRONYMS DESCRIPTION
OECD Organization for Economic Cooperation and
Development
OPP Office of Pesticide Programs
OR Odds Ratio
OSHA Occu.psztiongl Safety and Health
Administration
RR Relative Risk
SAP FIFRA Scientific Advisory Panel
SAS Statistical Analysis System
SCE Sister Chromatid Exchanges
USDA United States Department of Agriculture
US EPA or EPA United States Environmental Protection
Agency
WHO World Health Organization
8-OH-dG 8-hydroxy-2' -deoxyguanosine
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Hm&‘imnnuu AR 3 1985 w
A-Reg.$#: 524-308; mouse oncogenicity stud§%=

SUBJECT: Glyphosate; EPZ . ,
Caswell
Accession 251007-014

PESTICIDES AND TOXIC SUBSTANCES

w-oulm\,,

TO: Robert Taylor
Product Manager (25)

Registration Divigion 45/4/ /{5;1/

THUR: mﬁ/%h .D.

Acting Head, Review Section IV
Toxicology Branch
Hazard Evaluation Division (TS-769)

FROM: William Dykstra, Ph.D.
Toxicology Branch /£4a22ﬂ4V" 52?/

Hazard Evaluation Division (TS-769) '?/"29/'?5 Q‘7/ .

ot
Conclusions:

1. Glyphosate was oncogenic in male mice causing renal
tubule adenomas, a rare tumor, in a dose-related manner.
The study is acceptable as core-minimum data.

2. The information on the oncogenicity of glyphosate was
evaluated by a Toxicology Branch AD Hoc Committee which
concluded that this was an oncogenic response. A copy of
the consensus report of the committee is attached.

Review:

1. A chronic feeding study of Glyphosate in mice (Biodynamics
4 BDN-77-420; Project No. 77-2061; 7/21/83).

Test Material:

Glyphosate technical, purity = 99.7%; fine, white clumped
powder; lot number, NB178260813; NB178261017.

Groups of 50 male and 50 female randomized CD~1 mice,
individually caged, were administered diets containing 0,
1000, 5000, and 30,000 ppm of test material for 24 months.

Parameters evaluated were toxic signs, mortality, body e &

weight, food consumption, water consumption and hematology at S
12, 18 and 24 months. 3

EXHIBIT
| a0
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311 animals were necropsied and selected organs were
weighed, Tissues were stained in H and B and examined
microscopically.
Btatistical analyses of the data were performed.
Regulis:
No treatment~related toxic signs were noted during the study.

Mortality was low during the first 18 wmonths of the study as
shown in the table below as reported:

Cumulative Mortality

DOBR Malaes Females
{ppm) 12 Mo | 18 Mo | 24 Mo | 12 Mo | 18 Mo | 24 Mo
0 9 | 12 30 3 15 30
1,000 9 119 34 4 16 | 38,
5,000 7 112 33 1 8 23
30,000 4 |11 24 5 13 27

Body welight was consistently decrsased for males and to 2
lesgser extent, females at the 30,000 ppm dosage level during
the study at several sampling intervals. Changes in body
weight at the low~ and mid-dose group were variable and not
dose-related.

Food gonsumption showsd no compound-related or dose-
related sffect. Hematological values although significant in
gome instances did not show a consistent dose-related response.

Necropsy did not show treatement-related lesions. There
was good corvelation bebtween gross and microscopic findings.
The relative and absolute weight of the testes and ovaries
were increased in high dose males and females, but no
higtopathologicval finding was present as a underlying factor.

Renal tubule adenomas occurred in male mice in the following -
manner as reporied:

Dose {ppm} g 1,000 5,000 30,000
Number examined 4% 4% 54 50
Renal tubule sdenoma ! 0 i 3

MONGLYO1816601
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They occurred in male mice 4029, 4032 and 4041 of the high-~
dose, and male 3023 of the mid-dose group and all were unilateral.

Thesze tumors are rarve, dose related and cvonsidered compound-
related. Theses tumors were pressant at terminal kill.

Other neoplasmas were considered unrelated to treatment.
No effect on latencoy was noted.

Significant trends and significant high-dose effects were
ohserved in non-neoplastic lesions. The lesions considered
treatment-related were hepatocyte hypsritrophy, central lobular
hepatooyte necrosis and chronice interstitial nephritis in
high~doge males and proximal tubunle epithelial basophilia and
hypertrophy in high-dose females.

The btable below shows tha incidence of these lesions as
reporteds

Linear
Control Low Mid High Trend

Central lobular
hepatocyte hyperirophy

- males a/49 5/50 3750 17/50 b
- famsles 3/49 5/50 5/50 1/4%
Central lobular hepatooyte

necrosis

- males 0/49 2/50 2/50  10/508 B
~ Fomales 2/49 1750 4749 2749
Chronie interstitial

nephritis

- males , 5749 2/4%  7/%0  12/s50 b
~ females 4750 8/50  2/50 4750

Proximal tubule epithelial
basophilia and hypertrophy

- males 15/49  10/49 15750 7/50
- females 0/50 2/50 4/50 g/502 a

gStatxstieaiiy significant increase compared to control {(pdD.01}
uging the Chi-Square test [uncorrected for continuityl.

Pgtatistically significant linear trend {p<0.01) using the
Cochran-Armitage test.

MONGLY01818602



conclusion:
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Glyphosate was oncogenic in male mice producing a dose-
related increased in renal tubule adenomas, a rars tumor. Dose-
related non-neoplastic lesions occurred in both sexes. The
NOEL for systemic effects was 5000 ppm. At the LEL, 30,000
ppm, there were increased hepatocyte hypertrophy, hepatocyte
necrosis and interstitial nephritis in male mice and an
increased incidence of proximal tubule epithelial basophilia
and hypertrophy in female mice. additionally, there were
decreased body welights in male and female mice at 30,000 ppm
which are considered compound-related.

Classification:

Core minimum data.

MONGLY01616603
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

L - WASHINGTON, D.C. 20460 2 |
™" DEC 12 1985 - ~d04855

MEMORANDUM : ' OFFICE OF

PESTICIDES AND TOXIC SUBSTANCES

SUBJECT: EPA Reg. #: 524-308; Roundup; Glyphosate; Pathology
Report on Additional Kidney Sections
Caswell No. 66lA
Accession No. 259621

TO: Robert Taylor
Product Manager (25)
Registration Division (TS=767)

;;:7
THRU : Robert P. Zendziam, Ph.D. q/;;;fz——’“/“‘:/"'/ﬁ"

Acting Head, Review Section IV
Toxicology Branch
Hazard Evaluation Division (TS-769)

FROM: William Dykstra, Ph.D. - %ﬁ;
Toxicology Branch m”" ﬂfy )9/(;\-/!5”
Hazard Evaluation Division (TS-769) ; 41/74{

Requested Action: . relieles—

Review pathology report on additional kidney sections.

Background:

Glyphosate was considered oncogenic in male mice causing
renal tubule adenomas, a rare tumor, in a dose-related manner.
The incidence of this tumor was 0, 0, 1, and 3 in the control,
low-, mid-, and high-dose groups, respectively.

Additional evaluation of all original renal sections
identified a small renal tubular adenoma in one control male
(animal No. 1028) which was not diagnosed as such in the
= original pathology report. :

Subsequently, Toxicology Branch recommended that additional
renal sections be cut and evaluated from all control and
glyphosate treated male mice.

This review contains the evaluation of the submitted
results of the additional sectioning and pathological data.

e
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Conclusions

The results of the additional pathological evaluation on
re-cut kidney sections in male mice demonstrated no additional
tumors were present. The significance of this finding will
be determined later by the Ad Hoc committes.

Review:
1. The pathology report of additional kidney ssctions

submitted by the registrant {(Monsanto} showed that the renal
tubule adenoma incidsnce in male mice was as follows:

 Dose Ippm) 0 1000 (, 5600 0,000
Animal number 3023 4029,4032,4041
Renal tubule
adenoma 0 0 1 .3
No. examined 48 459 50 50

The additional tumor in the control group which had been
diagnosed from the re-evaluation of the original slides was
not present in the re-cut kidney sections. :

Toxigology Branch's pathologist {report attached) stated
that the control btumor “doss not represent a pathophyioloically
significant change®. '

Statistical analysis of the tumor results showed no
significant {P<0.05} difference in the incidence of renal
tubule adenoma between control and treated groups.

However, the test for linesar trend in proportions resulted
in a p=0.016 which is statistically significant.

According to the registrant's pathology report, none
neoplastic kidney lesions did not reveal evidence of an
ongoing chemically induced nﬁ%fatﬁxicity.
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Based on the original report and the new report, Toxicology
Branch concludeg that chronic interstitial nephritis ocourred
in compound-related manner in males at the high-dose as is
shown below:

Males (Chronic Interstitial Nephritis)

' ey
Dose {ppm} 0 1000 5000 0,000
Incidence
Original report 5/49 2/49 7/50 . 12/50

New report 5/49 1/49  7/50 16/50
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BUBJECT: Glyphosate - Monsanto Comments to Glyphosate
Guidance Document

Caswell No.: 661lA !
TOX Br. Proj. No.: 7-0773
s Record No.: 197157-197162

FROM: william Dykstra [/ /fary DofoFm- J2//5/57

Toxicology Branch
Bazard Evaluation Division {(TS8-769C)

TO: Robert J. Taylor, PM 25
Fungicide~Herbicide Branch
Registration Division (T5-767C)

THRU: Edwin Budd, Section Head
Review Section II, Toxicology Branch
Hazard Evaluation Division (TS-765C)

and

Theodore M. Farber, Chief . M 7, Febey ,;/;.a/of*

Toxicology Branch
Hazard Evaluation Division (TsS-769C)

Reguested Action

Review Monsanto's comments relative to Glyphosate Guidance
Document (Registration Standard). Monsanto specifically
requests a waiver of the inhalation LCsp with glyphosate and
a waliver of a repeat mouse oncogenicity study with glyphosate.

Conclusions and Recommendations

1. TB concurs with Monsanto's waiver request regarding
the acute inhalation study with glyphosate technical,
The #tudy is not required.

MONGLY00223053
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2. TB does not concur with Monsanto regarding the walver
of the repeat mouse oncogenicity study (see discussion
in raview section) .

9{?3 requires that the wmouse oncogenicity study be repaat&ﬁ
in males only, using larger numbers of animals for each dose
level to increase the statistical power of the blosssay.
Possibly 200 mice per group may be needed.

Por the repeat study the BDT should be 30,000 ppm since,
at thet dose level, the “"eguivocal”™ incrsase in kidney tumors
was obssrved in the previous study. additional doses of
15,000 and 7500 pem are also recommended, which may provide
an indication of & possible dose-response relationship.

Other experimsntal variasbles should be the same, ap much
as possible, as the previous mouse oncogenicity study.

& *tier approach™ to histopathological examination of
tissues/organs will be acceptable. Specifically, sections
of kidney and liver should be examined from all high dosage

« ievel and control animals. In addition, all gromssly cbserved

findings suggestive of possible tumors should also be examined
from all animals in all groups in the study. If the above
examinations do not suggest a potential oncogenic response,
phen additional histopathological examinations will not be
NRUASRAYY .

The registrant should provide s protocoel of the repeat
study before the experimental work is initlated.

® sy

MONGLYO0223054
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Review

Ipgue Number Y: Acute Inhalation LCxp Study With Slyphosate

In the Glyphosate Guldance Document, EPA stated that an
© acute inhalation study with glyphosate technical has not been
submitted sfd is required.
* g
Monpanta's Response &

"There appears to be no justification for an acute inhalation
study with glyphosate because: {8) People are not sxposed to
glyphusate, If any exposurs does ocour, it is sither to the
isopropylamine or sodium sesgui salts of glyphosate. Adeguate
inhalation toxicity studies have been or are bsing conducted
with these end-use materials. The results of available
studies indicate & relatively low degree of scute inhalation
toxdcity; (b} glyphosate is & nonvolatile solid material
which is bandled In manufacture as & wet cake {10-15% molsture)
which precludes any inhalatien exposure. We therefore request
the Agency concur with Monsanto's opinion that this acule
inhalation study 8 not reguired per Bection 158.13%, 81-3
Guidelines since glyphosate iz not an inbalable materisl.”

T8 Conclusion and Recommendation

TR cmn&uga with the Honsanto walver regquest regarding the
acute inhalation study with glyphosate technical. The study
iz not required.

Issue Number IT: Repeat of the Mouse Oncogenicity Study

in the Glyphosate Guldance Domument, the Agency reguasted
a vepeat of the chronic feeding/oncogenicity study in mice to
£fully addresgs the guestion of ™. . « whather the apparent
sffects noted in the mouse study {renal bubular adencmazn) are
hiovlogically relevant.”

Monsanto's Response

*the results of the mouse bioassay do not provide positive,
or even suggestive, evidence of sareinogenicity. The mosg
that pan be sald is that the results were eguivoeal as, (n
fact, the Sclentific Advisory Panel stated. vwurthermore., the
kP pointed oub the fsor that this esguivousl finding osourred
only at 2 &eﬁe levael that exceeded the WD, Cuoting from the
SAP report, ', « . no oncogenic effest is demonstrated using
concurrent contrels’ and *. % . the level of concern raised
by historical control data was not great enocugh to diﬁ@laaa
putting primary amyha&is on the concurrent controls.®

MONGLYDO223055
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There appears o be no justificetion for reoguirinmg the repsas
of # study with eguivocal findings st 2 single site, only st
dosage levels excesding the WTD.®

*Beveral expert tomicologists intimately familiasr with
the glypbosate chronic/oncogenic mouse study resulis, and
personally Ynvolved in the SAP hearing on this issue, wers
asked to evaluate the need for s repest study. 811 expertis
agreed that additional testing is not justified since the
ourrent study was conducted at levele sxceeding the HID and
failed to demonstrate a treatment-related oncogenic sffect.
Their svaluations aze enclosed Ipn this part.”®

*an discussed previously, the fagt Monsanto has sgreed
o repeat the chronie/oncogenic rat study with glyphosate
&iminifh&s evan further the justification for a repeat mouse
study.

Prhe results of the current rat and mouse studies, along
with results to be obtaived from a repeat rabt study, should
be sufficiept o assess the oncogenic potential of glyphosate.
& repeat mouse study is not NeCLSSAYY.”

“Finally, based upon a review of the principles sxpressed
in the Agency'e drafr 'Position Paper on Maximum Tolerated
Dose {MTD] in Oncogenicity Studies,' it is eclear that the
chronic/oncogenic mouse study was conducted at dosage levels
which greatly excesded the upper limit of 7000 ppm required
for mouse studiss. Purthermore, none of the regulrements
listed in that document which would necessitate a study erve
fulfilled for the mouse study {see Abtachmen: 1}.°

IB Conclusion and Recommendations

Regarding the need Lo repeat the mouse oncogenicity
gtudy with glyphosate, T8 fully concurs with the conclusion
and recommendation of the Scientific Advisory Panel {Bap}
vig "The Pansl proposes that Glyphosate be categorized as
Broup D {net classified) and that thers be s date call-in for
further studies in rats and/or mice to clarify unrvesolved
guestions.® In view of the sguivocal oncogenic response
in the first mouse study, TR believes the oncogenic potential
of glyphosate in mice still remains unresclved and that a
rapeat mouse study is necessary, te fully and adeguately assess
this potentisl.

TE would also point out that the "Position Paper on
Maximum Tolsrated Dose {(MID) in Ongogenicity studies,” referred
to by Monsante, iz a discussion of general principles that
may be useful in the interpretation of oncogenic studies and
8¢ an aid in determiniry the need to repeat stuwdles, As such,
it iz intended to provide guidance rather than rigid rules.

e

MONGLYDD2230586
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Wnen the olrcumstances of & perticular gituation indicate a
strict application of the document may be inappropriate, TB
will give precedence to what it believes iz most prudent Eor
the specific case at hand,

In the case of glyphosate it is recoswended that the
mouse anamgeniwity study be repsated and that the highest
donage level tested be 30,000 ppm, as in the first study, =
yather than 7000 ppm {or 1&%& mg/ kg Sday) as "suggested” in
the MTD document. This dosage level reguliremsnt is being
imposed to clarify the eguivocal results observed at this
same dopage level in the first study and in s&o ﬁg*ﬁg Lo assess
the full potential of glyphosate to induge tumors in mice. -
1t i85 noted that at this dosage level) {30,000 ppm} in the
£irat mouse study, survival of male mice at 24 months was

- inereased compared to male control mice: therafore, this dosage
lsvel iz not a life-shortening level. It iz also recosmended
that the mid and low dosage levels iIn the repeat mouse study
be 15,000 and 7500 ppm, respectively, rather than 5000 and
1000 ppm as in the first study. The reason for this is to
provide an adeguate experimental basis for establishing a
doge~regsponse relationship &£, in fact, a positive oncogenio

« response camg o ovour in the repeat study.

In addition, TH recommends that only male mice be tested
in the repeat.study because the tumors of gaz&znmlar sonoern,
renal tubule adenomag, were only observed in male mige in the
first study., Rowever, singe renal tubule adenomas are o
vareg {or st least infreguently observed!, TB also recommends
that larger numbers of animals be used for gach dosage levael
to increase the statisbtlcal power of the bRicassayv. Possibly,
200 malevmiﬁa per group may be needed.

TE, than, ponsiders the repeat mouse study to be a
specially designed study for the specific purpose of clarify-
iag certain unresplved guestions relating to the potential
pncogenicity of glyphosate. Hence, the recommendations are
that the study be performed at dosage levsls of 30,000,
15,000, and 7500 ppm; that only male mice need be tested; and
that 200 mice pey group mey be needed. Similarly, because of
the limited nature of the comosrns prompting this repeat
&tuéy* T8 will asccept & "timr approach™ to the patholeogicsl
examinations in this study, Pirst, a very thorough and
complete gross necropsy should be performed on all animals in
this study, pavticularly poting a2ll findings suggestive of
possible tumors. Sewond, a full and completes set of tissues/
proans should be sxciged apd fixed from each animal in the
study [for possible future need). Thipd, it will only be
BECEBRATY ia the "first tler® to do the {ollowing:

1. ?raa&@g and sxBmine multiple sections of kidney and
liver from all high dosage levels and coontrol animals
in the study.

MONGLYDDR23057
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2. Provess and examine all grossly obesrved *findings®
suggestive of possible tumors from a1l animals in
all groups in the study.

If the "first tier® examinations do not suggest a
putentisl opcogenic response, then additional histopathological
examinationd will not be necsssary.

- e
The registrant should be reguested to submit a propoped
protocel for the repeat mouse study to the Agency £or comment
before the experimental work is initiated,

Rregarding the comments of Monsanto's experts {Drs, Sqqire,
Gocdman, amd Stemmer), the SAP considered their opinions but
nevertheless believed the mouse kidney tumors to be "equivocal®
and recommended further studies Iin rats and/or mice. T8
concurs with the viewpoint expressed by the SaPk.

MONGLY0D223058



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON, D.C. 20460

OFFICE OF CHEMICAL
SAFETY AND POLLUTION PREVENTION

September 21, 2022

MEMORANDUM

SUBJECT: Withdrawal of the Glyphosate Interim Registration Review Decision
TO: Glyphosate Registration Review Docket (EPA-HQ-OPP-2009-0361)

i@ /' | '\//I v.7
FROM: Cathryn Britton, Branch Chief (% U;’»JP‘//"’{"""
Risk Management and Implementation Branch V
Pesticide Re-evaluation Division

THRU: Mary Elissa Reaves, Director 7/ M
Pesticide Re-evaluation Division
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On June 17, 2022, the United States Court of Appeals for the Ninth Circuit vacated and
remanded the human health portion of EPA’s interim registration review decision for
glyphosate (ID), held that EPA’s failure to make an effects determination before issuing
the ID violated the Endangered Species Act (ESA), and remanded without vacating the
ecological portion of the ID but imposed an October 1, 2022 deadline for EPA to
complete the remand. Natural Resources Defense Council et al. v. EPA, 38 F.4th 34 (9th
Cir. 2022). In light of the court’s decision, this memorandum announces EPA’s
withdrawal of all remaining portions of the glyphosate ID, including the remanded
ecological portion.

A copy of the glyphosate ID, now vacated in part and the remainder withdrawn, is posted
to the glyphosate registration review public docket (EPA-HQ-OPP-2009-0361) at
https://www.regulations.gov.

Background
Issuance of the Glyphosate Interim Registration Review Decision

Registration review is EPA’s periodic review of pesticide registrations to ensure that each
pesticide registration continues to satisfy the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) standard for registration, that is, that the pesticide can perform
its intended function without unreasonable adverse effects on human health or the
environment. Under FIFRA section 3(g), each pesticide is required to be reviewed every
15 years.
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EPA regulations establish procedures for the registration review program required in
FIFRA section 3(g). Under 40 C.F.R. § 155.56, EPA may issue, when it determines it to
be appropriate, an interim registration review decision before completing a registration
review. Among other things, the interim registration review decision may require new
risk mitigation measures, impose interim risk mitigation measures, identify data or
information required to complete the review, and include schedules for submitting the
required data, conducting the new risk assessment, and completing the registration
review. Procedures for issuing an interim registration review decision are set forth in §
155.58.

On February 3, 2020, EPA published a notice in the Federal Register (85 Fed. Reg. 5957)
announcing the availability of the glyphosate ID. EPA issued the ID pursuant to

40 C.F.R. §§ 155.56 and 155.58, explaining that it was doing so to “(1) move forward
with aspects of the registration review case that are complete and (2) implement interim
risk mitigation.” The ID finalized EPA’s draft risk assessments supporting registration
review, Glyphosate Draft Human Health Risk Assessment for Registration Review and
Registration Review—Preliminary Ecological Risk Assessment for Glyphosate and Its
Salts. The ID did not identify any human health risks of concern from exposure to
glyphosate but did identify potential ecological risks. It also identified interim risk
mitigation measures, in the form of label changes, including spray drift management
language, herbicide resistance management language, a non-target organism advisory,
and certain label consistency measures. It concluded that, under FIFRA, the benefits of
glyphosate outweigh the potential ecological risks when glyphosate is used in accordance
with labels.

The glyphosate ID did not make findings under section 7 of the ESA or under the
Endocrine Disruptor Screening Program (EDSP) pursuant to section 408(p) of the
Federal Food, Drug, and Cosmetic Act (FFDCA), nor did it respond to a 2018
administrative petition submitted by the Environmental Working Group and others (EWG
et al.) to reduce the tolerance level for glyphosate residues on oats and require certain
label changes based on concerns regarding dietary exposure and carcinogenicity. EPA
explained that it would do so before completing registration review for glyphosate, and
that the “final registration review decision for glyphosate will be dependent upon the
result of the agency’s ESA assessment and any needed section 7 consultation with the
[U.S. Fish and Wildlife Service and the National Marine Fisheries Service], an EDSP
FFDCA section 408(p) determination, and after a resolution of the EWG et al. petition.”
The glyphosate ID also did not solicit label changes from registrants to implement the
interim risk mitigation measures. EPA explained that it would do so once it responded to
the EWG et al. petition.

For further background on glyphosate and its registration review history, see the end of
this memorandum.

Endangered Species Act Assessment for Glyphosate

ESA section 7(a)(2) requires that federal agencies ensure that the actions they authorize,
fund, or carry out are not likely to jeopardize the continued existence of species listed as



threatened or endangered under the ESA (listed species) or destroy or adversely modify
their designated critical habitat. For pesticides in registration review, EPA’s
responsibility includes evaluating potential effects to listed species and their designated
critical habitat, often through a biological evaluation (BE). If EPA determines that a
pesticide’s registration “may affect” and is “likely to adversely affect” listed species or
designated critical habitat, the Agency initiates formal consultation with the U.S. Fish
and Wildlife Service (FWS) and/or the National Marine Fisheries Service (NMFS)
(together, the Services). The Services prepare their respective biological opinions
(BiOps) regarding whether the pesticide’s registration is likely to jeopardize the
continued existence of listed species or result in the destruction or adverse modification
of designated critical habitats and describing any reasonable and prudent measures or
reasonable and prudent alternatives. EPA then uses its authorities under FIFRA to
implement, as necessary, any such measures or alternatives described in the BiOps.

On November 25, 2020, EPA released the draft BE for glyphosate for public comment.
On November 12, 2021, EPA released the final BE for glyphosate, which found that
glyphosate may affect 1,795 listed species and 792 critical habitats and is likely to
adversely affect 1,676 of those species and 759 of those habitats. EPA initiated formal
consultation with the Services in November 2021. As noted in the declaration filed in
support of EPA’s August 1, 2022 petition for panel rehearing of the Ninth Circuit’s
decision, discussed below, consultation with the Services is ongoing.

For further information on EPA’s ESA assessment for glyphosate, see
https://www.epa.gov/endangered-species/final-national-level-listed-species-biological-
evaluation-glyphosate.

Challenges to Glyphosate Interim Registration Review Decision

On March 20, 2020, two groups of petitioners filed petitions for review of the glyphosate
ID in the Ninth Circuit. See Natural Resources Defense Council et al. v. EPA, No. 20-
70787 and Rural Coalition et al. v. EPA, No. 20-70801. Together these petitions
challenged EPA’s analysis of the human health and ecological risks and costs of
glyphosate, weighing of such risks against the benefits of glyphosate, and the interim risk
mitigation measures identified in the ID, and alleged that EPA violated the ESA by
issuing the ID before completing consultation with the Services.

While EPA defended its analysis of human health risks and the alleged ESA violation, it
moved for partial voluntary remand without vacatur of its analysis of ecological risks and
costs, weighing of such risks against benefits, and interim risk mitigation measures. EPA
sought remand to:

e Consider how the glyphosate ID may be impacted by the (then) draft BE and
whether additional or different risk mitigation measures may be necessary.

e Reconsider its analysis of ecological risks as it relates to in-field effects of
glyphosate on monarch butterfly habitat in light of the court decision in National
Family Farm Coalition v. EPA, 966 F.3d 893 (9th Cir. 2020).
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e Consider whether the court decision in National Family Farm Coalition v. EPA,
960 F.3d 1120 (9th Cir. 2020) regarding EPA’s analysis of spray drift risks and
other potential costs of another pesticide (dicamba) affected EPA’s analysis of
glyphosate.

e Evaluate the glyphosate ID in light of the change in Administration and policy
priorities, as reflected in the January 20, 2021 “Executive Order on Protecting
Public Health and the Environment and Restoring Science to Tackle the Climate
Crisis” (86 FR 7037, 1/25/21) and, in particular, consider whether there are other
aspects of its analysis of ecological risks and costs related to glyphosate that
should be reassessed or for which additional explanation should be provided.

e (Consider what risk mitigation measures may be necessary to reduce potential
risks following completion of analyses left outstanding in the ID.

The Ninth Circuit heard oral argument on these challenges on January 10, 2022 and
1ssued its decision on June 17, 2022. The court vacated and remanded the human health
portion of the glyphosate 1D, held that EPA’s failure to make an effects determination
before issuing the ID violated the ESA, and granted EPA’s motion for partial voluntary
remand but imposed an October 1, 2022 deadline for EPA “to issue a new ecological
portion.” Natural Resources Defense Council et al. v. EPA, 38 F.4th 34 (9th Cir. 2022).

On August 1, 2022, EPA filed a petition for panel rehearing that sought relief only from
the court’s imposition of a deadline to complete remand of the ecological portion of the
ID. EPA explained that, while the court did not define what it meant by “issue a new
ecological portion,” the Agency would not be able to finalize a new ecological portion in
a registration review decision for glyphosate by the October 1, 2022 deadline because of
the time needed to address the issues for which EPA sought remand and to complete
consultation under the ESA. In a declaration filed in support of the petition, EPA set forth
its anticipated schedule for completing registration review for glyphosate. EPA also
stated that if the court did not lift the deadline, the Agency might exercise its discretion to
withdraw the remanded ecological portion of the ID and focus its efforts on the required
final registration review decision for glyphosate. A copy of EPA’s August 1, 2022
petition for panel rehearing and declaration filed in support of the petition is posted to the
glyphosate registration review public docket (EPA-HQ-OPP-2009-0361) at
https://www.regulations.gov.

On August 5, 2022, the court denied EPA’s petition for panel rehearing without opinion.
Withdrawal

In its June 17, 2022 decision, the Ninth Circuit vacated and remanded the human health
portion of the glyphosate ID. EPA is now withdrawing all remaining portions of the ID,
including the remanded ecological portion consisting of the Agency’s analysis of the
ecological risks and costs of glyphosate, the weighing of such risks against the benefits of
glyphosate, and interim risk mitigation measures. Because the ID is an informal
adjudication that EPA issued at its discretion, EPA may withdraw all or a portion of it
without public comment. Moreover, it would be impracticable for EPA to take public
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comment here because of the October 1, 2022 deadline imposed by the court to complete
remand of the ecological portion of the ID.

EPA has determined that withdrawal is appropriate in light of the Ninth Circuit’s June 17,
2022 decision and the particular circumstances of glyphosate’s registration review and
ESA assessment. Insofar as the court has ordered EPA to finalize a “new ecological
portion,” doing so through another interim registration review decision or a final
registration review decision would involve significant and lengthy steps. As detailed in
EPA’s August 1, 2022 petition for panel rehearing and declaration filed in support of the
petition, the Agency is unable to finalize a new ecological portion in a registration review
decision for glyphosate by the court-imposed October 1, 2022 deadline because of the
time needed to address the issues for which EPA sought remand and to complete
consultation under ESA. Moreover, before issuing such a decision, EPA must first
prepare a proposed decision, make it available for a period of public comment of at least
60 days, and consider any comments received. 40 C.F.R. § 155.58. For reference, EPA
received approximately 283,300 public comments comprising over 12,000 unique
submissions when it published the glyphosate proposed ID in May 2019, and it then took
nine months to finalize and publish the ID in February 2020. EPA cannot complete these
processes by the court-imposed October 1, 2022 deadline.

To date, EPA has not solicited label changes from registrants to implement the interim
risk mitigation measures identified in the ID. The Agency has not solicited such label
changes because EPA’s continued work towards completing registration review for
glyphosate could affect what risk mitigation measures EPA may determine are necessary,
as noted in the declaration filed in support of EPA’s August 1, 2022 petition for panel
rehearing of the Ninth Circuit’s decision. Moreover, the Agency continues to work on a
response to the EWG et al. petition, which asks EPA to reduce the tolerance level for
glyphosate residues on oats and require certain label changes based on concerns
regarding dietary exposure and carcinogenicity. Because of the court’s vacatur and
remand of the human health portion of the ID, EPA believes it would be appropriate to
respond to the EWG et al. petition once it completes its review on remand. To avoid
multiple, and potentially conflicting, rounds of label changes, EPA expects to defer
solicitation of label changes until it issues a final registration review decision for
glyphosate.

For these reasons, EPA believes it is appropriate to withdraw all remaining portions of
the glyphosate ID, including the remanded ecological portion, and focus its efforts on
completing the required final registration review decision for glyphosate.

Although the glyphosate ID is now vacated in part and the remainder withdrawn, that
does not automatically mean that EPA’s underlying scientific findings regarding
glyphosate, including its finding that glyphosate is not likely to be carcinogenic to
humans, are either incorrect or cannot be used as support for a future decision following
reconsideration in accordance with the court’s decision.



Next Steps

With respect to the vacated human health portion of the ID, in accordance with the Ninth
Circuit’s June 17, 2022 decision, EPA intends to revisit and better explain its evaluation
of the carcinogenic potential of glyphosate and to consider whether to do so for other
aspects of its human health analysis. With respect to the withdrawn ecological portion of
the ID, EPA intends to address the issues for which it sought remand, including:

e Consider whether additional or different risk mitigation measures may be
necessary based on the outcome of ESA consultation for glyphosate.

e Prepare an analysis of in-field effects of glyphosate on monarch butterfly habitat.

e (Consider whether EPA’s analysis of spray drift risks and other potential costs of
dicamba are relevant to EPA’s analysis of glyphosate’s risk from spray drift.

e Consider whether there are other aspects of EPA’s analysis of ecological risks and
costs related to glyphosate that should be reassessed or for which additional
explanation should be provided.

e (Consider what risk mitigation measures may be necessary to reduce potential
risks following completion of analyses left outstanding in the ID.

EPA also intends to complete ESA consultation with the Services, respond to the EWG et
al. petition, and make an FFDCA section 408(p) EDSP determination before issuing a
final registration review decision for glyphosate. As noted in the declaration filed in
support of EPA’s August 1, 2022 petition for panel rehearing of the Ninth Circuit’s
decision, EPA anticipates issuing a final registration review decision for glyphosate in
2026.

Glyphosate Background and Registration Review History

Glyphosate is a non-selective, systemic herbicide with products registered for use in a
wide array of both agricultural and non-agricultural settings. Agricultural uses include
stone and pome fruits, citrus fruits, berries, nuts, vegetables, cereal grains, and other field
crops. Non-agricultural uses include residential spot treatments, aquatic areas, forests,
rights-of-way, recreational turf, ornamentals, non-food tree crops, and Conservation
Reserve Program land. Glyphosate products are also registered for use on the glyphosate-
resistant crops, including alfalfa, corn, soybean, cotton, canola, and sugar beets.

EPA formally initiated registration review for glyphosate in 2009 with the opening of the
registration review docket for the case. The following summary highlights significant
milestones that have occurred during the registration review of glyphosate

e July 2009 - The Glyphosate Preliminary Work Plan (PWP), the Glyphosate
Human-Health Assessment Scoping Document in Support of Registration Review,
and the Registration Review—Preliminary Problem Formulation for the
Ecological Risk and Drinking Water Exposure Assessments for Glyphosate and
Its Salts were posted to the docket for a 60-day public comment period.



December 2009 - The Glyphosate Final Work Plan (FWP) was issued. Comments
received on the PWP covered the following topics: opposition to the use of
glyphosate, the toxicity of glyphosate formulations and inert ingredients, use and
usage trends, human health risks, ecological risks, endocrine disruption, and the
benefits of glyphosate. The public comments received did not change the
schedule, risk assessment needs, or anticipated data requirements in the FWP.

September 2010 - A Generic Data Call-In (GDCI) for glyphosate was issued for
data needed to conduct the registration review risk assessments. All required data
were submitted and reviewed. The registration review GDCI for glyphosate is
considered satisfied.

September 2015 — The Agency completed its evaluation of Tier 1 endocrine data
submitted under the EDSP and published the Glyphosate: Weight of Evidence
Analysis of Potential Interaction with the Estrogen, Androgen, or Thyroid
Pathways. EPA found no convincing evidence of potential interaction with the
estrogen, androgen, or thyroid pathways and glyphosate was not recommended
for further EDSP testing.

December 2016 — The agency convened a FIFRA Scientific Advisory Panel
meeting to consider and review a set of scientific issues related to the EPA’s
evaluation of the carcinogenic potential of glyphosate. The meeting agenda, the
agency’s cancer issue paper, charge questions for the panel, transcript, and final
report are available on EPA’s website: https://www.epa.gov/sap/meeting-
materials-december-13-16-2016-scientific-advisory-panel. Additional supporting
materials and comments received from the public can be found in docket EPA -
HQ-OPP-2016-0385 at www.regulations.gov.

December 2017 — The agency published the Revised Glyphosate Issue Paper:
Evaluation of Carcinogenic Potential (dated December 12, 2017), the Response to
the Final Report of the Federal Insecticide, Fungicide, and Rodenticide Act
Scientific Advisory Panel (FIFRA SAP) on the Evaluation of the Human
Carcinogenic Potential of Glyphosate (dated December 12, 2017), the Glyphosate
Draft Human Health Risk Assessment for Registration Review (dated December
12, 2017), and the Registration Review — Preliminary Ecological Risk Assessment
for Glyphosate and its Salts (dated September 8, 2015) on EPA’s website:
https://www.epa.gov/ingredients-used-pesticide-products/draft-human-health-and-
ecological-risk-assessments-glyphosate.

February 2018 - The agency announced the availability of the human health and
ecological risk assessments for a 60-day public comment period. Over 238,000
comments were received during the comment period, most of which came from
various mass mail campaigns. Approximately 2,244 unique submissions were
received from various stakeholders, including pesticide registrants, industry
groups, farmers, grower groups, private citizens, non-governmental organizations,
states, and the U.S. Department of Agriculture. The comments did not change the
risk assessments or registration review timeline for glyphosate.
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e September 2018 — The Environmental Working Group, joined by Ben & Jerry’s
Homemade, Inc., Happy Family Organics, MegaFood, MOM’s Organic Market,
National Co+op Grocers, Nature’s Path Foods Inc., One Degree Organic Foods
USA, Inc., and Stonyfield Farm, Inc. submitted an administrative petition to the
Agency. The petition requested that EPA lower the tolerance for residues of
glyphosate on oats and require label changes to prohibit the preharvest use of
glyphosate on oats. On May 6, 2019, the Agency published a Notice of Filing of
the petition in the Federal Register for a 30-day public comment period in docket
EPA-HQ-OPP-2019-0066. 103,447 comments were received on the petition, most
of which came from mass mail campaigns and 419 of which represented unique
comments. The Agency continues to work on its response to the petition.

e May 2019 - The Agency announced the availability of the Glyphosate Proposed
Interim Registration Review Decision (PID) for a 60-day public comment period,
which was later extended to 120 days. Along with the PID, the following
documents were posted to the docket:

0 Glyphosate: Response to Comments, Usage, and Benefits (dated April 18,
2018)

0 Glyphosate: Response to Comments on the Human Health Draft Risk
Assessment (dated April 23, 2019)

O Response to Public Comments on the Preliminary Ecological Risk
Assessment for Glyphosate (dated November 21, 2018)

During the 120-day comment period on the PID, the agency received roughly
283,300 comments. Over 12,000 unique submissions were received from various
stakeholders, including glyphosate registrants, grower groups, non-governmental
organizations, pesticide industry groups, states, the U.S. Department of
Agriculture and members of the general public. Most comments came from mass
mailer campaigns, and approximately 120 unique substantive comments were
received from various stakeholders. Public comments did not change the
Agency’s risk conclusions but resulted in changes to the spray drift management
labeling and rotational crop instructions.

e February 2020 — The Agency announced the availability of the ID. Along with the
ID, the following documents were published in the docket:

O Response from the Pesticide Reevaluation Division to Comments on the
Glyphosate Proposed Interim Decision (dated January 16, 2020)

0 Glyphosate Response to Comments on the Proposed Interim Decision
Regarding the Human Health Risk Assessment (dated January 13, 2019)

O Glyphosate: Epidemiological Review of Zhang et al. (2019) and Leon et
al. (2019) publications for Response to Comments on the Proposed
Interim Decision (dated January 6, 2020)

e November 2020 - The Agency released the draft BE for glyphosate for public
comment. Approximately 870 comments that pertained to the draft BE for



glyphosate were submitted, including 11 requests for extensions of the public
comment period. Additionally, six mass mail campaigns were submitted with
approximately 110,000 signatures.

November 2021 - The Agency released the final BE for glyphosate evaluating
potential effects to listed species and critical habitats.
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CANCER

Epidemiological data support associations for both adult and childhood cancer,
with occupational exposure playing a role in cancer development for both adults and
children. However, the most common types of cancer vary for children and adults,
and as such, associations between pesticides and cancer are treated separately in this
section. As noted at the beginning of this chapter, one common problem in evalu-
ating cancer and pesticide relationships, particularly in children. is the relative rarity
of cancer diagnoses.”™

Several meta-analyses and systematic reviews have been published on the asso-
ciation between pesticide exposure and cancer. In most instances, these analyses and
reviews serve as the primary source of information for the sections below on child-
hood and adult cancers.
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Classification Systems for Carcinogenicity in Humans

All active ingredients in pesticides are required to be tested in animals or using in
vitro tests for their likelihood of causing cancer. The Health Effects Division of the
EPA’s Pesticide Program performs an independent review of all the available evidence
to classify active ingredients according to their potential to cause cancer. The clas-
sification systems have changed in the past 30 years from using a letter grade system
originally issued in 1986 to a method that uses descriptive phrases based on the weight
of evidence. Under the older letter grade system, a grade of “B™ was a “probable
carcinogen,” *C" was equivalent to being classified as “possibly carcinogenic,” *D”
was “Not classifiable as to human carcinogenicity™ and “E” was classified as having
*Evidence for non-carcinogenicity for humans.”

The current system was proposed in 1996, revised in 1999, and released as a
final report. Guidelines for Carcinogen Risk Assessment in 2005 by the EPA. The
report uses one of five specific phrases to designate carcinogenicity: “carcinogenic
to humans,” “likely to be carcinogenic to humans,” “suggestive evidence of carcino-

CARCINOGEN CLASSIFICATION SYSTEMS AT A GLANCE

1986 EPA Classification System
Group B: Probable human carcinogen
Group C: Possible human carcinogen
Group D: Not classifiable as to human carcinogenicity
Group E: Evidence of non-carcinogenicity for humans

2005 EPA Classification System
Carcinogenic: Carcinogenic to humans
Likely: Likely to be carcinogenic to humans
Suggestive: Suggestive evidence of carcinogenic potential
Inadequate: Inadequate information to assess carcinogenic potential
Not Likely: Not likely to be carcinogenic to humans

IARC Classification System
Group:1: Carcinogenic to humans
Group 2A: Probably carcinogenic to humans
Group 2B: Possibly carcinogenic to humans
Group 3: Not classifiable as to its carcinogenicity to' humans
Group 4: Probably not carcinogenic to humans

CHAPTER 21
Chronic Effects__

Data support
associations between
occupational
pesticide exposure
and cancers in both
adults and children.
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genic potential,” “inadequate information to assess carcinogenic potential,” and “not
likely to be carcinogenic to humans.” This information is available only via an emailed
report from the EPA website http://ivww.epa.gov/pesticides/carlist. Although the new
guidelines have been in place since 2005, not all pesticides have been evaluated under
the 2005 cancer guidelines. Active ingredients in pesticides classified using the older
letter designation could be reevaluated on a case-by-case basis.

Another classification system for potentially carcinogenic chemicals was estab-
lished by the International Agency for Research on Cancer (IARC). This system clas-
sifies chemicals using a 1-4 grading system. A classification of | indicates the chemical
is carcinogenic to humans. A category of 2 is split between 2A (probably carcinogenic
to humans) and 2B (possibly carcinogenic to humans). A category of 3 indicates the
chemical is not classifiable as to its carcinogenic potential. Generally, this category is
used when there is inadequate evidence in humans or animals 1o establish a cancer-
causing relationship. Group 4 indicates that the chemical is probably not carcinogenic
to humans.

The table at the end of this chapter lists selected pesticides and their clas-
sification of carcinogenicity. The list is not meant to be all inclusive. but an attempt
to list agents that are more commonly used or have a higher likelihood of being
carcinogenic in humans. It includes a number of chemicals that were classified under
both the newer and older EPA systems. The list includes some pyrethroid insecti-
cides, the residential use of which has increased as many of the organophosphates
have been phased out.

Associations hetween Childhood Cancer and Pesticides

Relationships between childhood cancers and pesticides were summarized in two
review articles, the first by Zahm and Ward in 1998, and an update published in 2007
by Infante-Rivard, The pediatric cancer types with the most compelling evidence for
an association with pesticides are leukemia and brain tumors. Of note, in most of
the studies reviewed, all forms of leukemia were considered in one group because of
insufficient numbers of certain types of leukemia — e.g., acute lymphocytic leukemia
(ALL) or acute myelocytic leukemia (AML). There were a few studies of sufficient
size that were able to evaluate ALL separately, Brain tumors are also reported as a
group rather than by individual tumor types as they are even rarer than childhood
leukemia.?*3

The pediatric cancer types with the most compelling evidence for
an association with pesticides are leukemia and brain tiumors,

Childhood Leukemia

Thirteen of the I8 studies reviewed in the 1998 Zahm and Ward article found an
increased risk of leukemia following pesticide exposure. The most common reported
exposure was not related to agricultural production but rather household insecticide
use during pregnancy or during the preconception period. As mentioned above, mixing
leukemia types and recall bias were among the limitations of these earlier studies.”
Infante-Rivard reviewed 12 more recent studies in 2007.* Most of these studies
were larger and used higher-quality exposure assessment methodologies. Five found
statistically significant associations between leukemia and pesticide exposure. * #5575



Two included a detailed exposure assessment and were able to demonstrate a dose-
response effect.’™ The largest study included 491 subjects and limited the outcome to
acute lymphocytic leukemia. In this study, maternal residential use during pregnancy
of herbicides (OR = 1.84, 95% CI, 1.32, 2.57). plant insecticides (OR = 1.97, 95%
Cl. 1.32-2.94), and “pesticides for trees” (OR = 1.70, 95% CI. 1.12-2.59) were all
associated with ALL. Childhood exposure (from birth to diagnosis of ALL) to plant
insecticides (OR = 1.41, 95% CI. 1.06-1.86) and herbicides (OR = 1.82. 95% CI. 1.31-
2.52) were also significantly associated.™ Two studies by the same author did not find
an association between child’s residence near agriculture-related pesticide application
and childhood leukemia.™ nor maternal residence near agricultural pesticide applica-
tion at the time of their child’s birth and childhood leukemia.”

Two additional meta-analyses have been conducted that further explore asso-
ciations between pesticides and leukemia and support the previously described asso-
ciations. The first meta-analysis examined parental occupational exposure to pesti-
cides and leukemia and the second focused on studies of pesticides in the home and
garden."'™ In the first study, maternal occupational exposure was found to be associ-
ated with leukemia, the reported ORs were 2.09, 95% CI, 1.51-2.88 for overall pesti-
cide exposure: 2.38. 95% ClI, 1.56-3.62 for insecticide exposure; and 3.62, 95% CI,
1.28-10.3 for herbicide exposure. No associations were found for paternal occupa-
tional exposure.”® In the meta-analysis focused on exposure through home and garden
uses of pesticides, 15 studies were included and exposure during pregnancy to unspec-
ified pesticides, insecticides and herbicides were all associated with leukemia (OR
= 1.54, 95% CI1,1.13-2.11; OR = 2.05, 95% CI, 1.80-2.32; and OR = 1.61, 95% CI,
1.2-2.16, respectively).”!

Childhood Brain Tumors

In the 1998 Zahm and Ward review, 12 of the 16 studies presented evidence of an asso-
ciation between pesticide exposure and childhood brain tumors, and seven of these
reached statistical significance. Similar to the findings with leukemia, household use
by the parent (home and garden and on household pets) were the most commonly asso-
ciated exposures. The number of children with brain tumors is even fewer than that of
leukemia, so all types of brain tumors were used to define “cases.”™

As noted with leukemia, the body of evidence estimating an association between
brain tumors and pesticides since 1998 is more robust, with larger studies and improved
exposure assessment. Nine of 10 studies in the 2007 Infante-Rivard review demon-
strated an increased risk of brain tumors following maternal and/or paternal expo-
sure, with three of the studies reaching statistical significance.”“ For all studies, it
appeared that prenatal exposure to insecticides, particularly in the household, as well
as both maternal and paternal occupational exposure before conception though birth
represented the most consistent risk factors. (5666708627071 The |argest case/control
studly (321 cases) limited the case definition to astrocytomas and noted an OR of 1.9,
95% CI, 1.1-3.3, following maternal preconceptual/prenatal exposure to insecticides.”
One cohort study followed 235,635 children and found an association between all
brain tumors and paternal exposure to pesticides immediately before conception (RR
=2.36,95% CI, 1.27-4.39.%%

In summary, there is relatively consistent evidence for an increased risk of devel-
oping some types of childhood cancers following preconception and/or prenatal expo-
sure to pesticides. The strongest evidence appears to be for ALL. the most common
form of childhood leukemia. Maternal exposure to insecticides and paternal occupa-
tional exposure appear to carry the greatest risk.
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Associations between Pesticides and Cancer in Adults

Bassil et al. conducted a systematic review of cancer and pesticides, which included
studies of children and of adults. Each study was evaluated for methodological quality
by two trained reviewers using a standardized assessment tool with a high inter-rater
reliability. Only studies with a global rating of 4 or higher were included in the review.?

Many of the studies evaluating relationships between cancers in adults and pesti-
cides are conducted in the occupational setting. Associations between pesticide expo-
sure and the development of leukemia and non-Hodgkin lymphoma were noted in
most studies. Solid tumors of the prostate. pancreas. kidney and breast were among
the more consistently reported findings in studies of adults. As was noted in numerous
studies of childhood outcomes, ascertainment of whether exposure actually occurred
and the amount of exposure are recurring weaknesses in adult studies.

Non-Hodgkin Lymphoma and Other Hematopoietic Cancers

Of the 27 studies on non-Hodgkin lymphoma (NHL) that met quality criteria in
the BRassil review, 23 found positive associations. Almost half of these studies were
conducted in adult cohorts of various occupational groups including farmers, pesticide
applicators, landscapers and those who worked in pesticide manufacturing. Ten of the
12 cohort studies reported a positive association, with four reaching statistical signifi-
cance. One of'the larger cohort studies demonstrated a relative risk RR of 2.1, 95% CI,
1.1-3.9. Eleven of the 13 case-control studies (excludes one positive study in children)
also demonstrated an association between occupational exposure and NHL. with 7
reaching statistical significance. Multiple classes of pesticides were implicated.

A separate meta-analysis of case-control studies examining the relationship
between pesticide exposure and hematopoietic cancers was published in 2007, The
authors reviewed 36 case-control studies. After excluding studies with methodological
flaws or data concerns, a study that included non-hematopoietic cancers and a study
written in Italian, 13 studies remained for analysis. The cancers assessed in the meta-
analysis were NHL, leukemia and multiple myeloma.”™ The overall meta-OR for NHL
was 1.35, 95% CI, 1.2-1.5. An increased risk for leukemia and multiple myeloma
was also demonstrated, though both were just short of reaching statistical significance
(OR = 1.35, 95% CI, 0.9-1.2 and OR = 1.16, 95% CI. 0.99-1.36). The authors also
conducted a meta-regression to account for the heterogeneity among the studies. They
found that exposure for longer than 10 years increased the risk for all hematopoietic
cancers (mOR = 2.18, 95% CI, 1.43-3.35) and for NHL (mOR = 1.65. 95% CI, 1.08-
ZAL)T

As with other cancer epidemiologic studies discussed above, the major limitation
was the lack of sufficient exposure information in many of the studies. Additionally,
the cohort studies in the above meta-analysis only listed the class of pesticide and the
corresponding OR (herbicides or insecticides) rather than the individual pesticide.™
Other individual studies have demonstrated risks from certain specific pesticides. One
well-designed cohort study reported risks associated with mecoprop, a chlorophenoxy
herbicide.”™ Another study demonstrated risks from another chlorophenoxy herbicide
— methy!l phenoxyacetic acid (MCPA) — and from glyphosate.”™ Another study demon-
strated a significant increased risk of NHL for subjects exposed to 2,4-D.™ The Agri-
cultural Health Study demonstrated a risk of developing leukemia following exposure
to diazinon.™

Prostate Cancer

It has been suspected that pesticide exposure may be associated with prostate cancer.
This association may be related to hormonally active pesticides. known as endocrine



disruptors.” Of the eight studies included in the Bassil review, all showed positive
associations between pesticide exposure and prostate cancer.” 787 H &8 A particu-
larly well-designed study from the Agriculture Health Cohort included 55,000 men in
lowa and North Carolina. The authors found that farmers who applied pesticides had a
small but significant increase in prostate cancer compared to the general male popula-
tion in lowa and North Carolina (standardized prostate cancer incidence ratio of 1.14
(1.05-1.24)). The study also evaluated risk to specific pesticides by inquiring about 50
different pesticides to which the farmer was “‘ever exposed™ and found positive associ-
ations with carbofuran, permethrin, aldrin and DDT. Each OR was in the range of 1.25
to 1.38, all with statistically significant 95% Cls. However, among those who were in
the “highest exposure category,” a risk estimate of 3.47, 95% CI, 1.37-8.76, was noted
for the fumigant methy] bromide. In addition, six pesticides (chlorpyrifos, fonofos,
coumaphos, phorate, permethrin and butylate) were positively associated with prostate
cancer in men with a family history of prostate cancer.*

Around the same time as Bassil’s review was published, Mink et al. conducted a
separaie review article on prostate cancer. The two authors reviewed and independently
assessed each study for inclusion or exclusion, and discrepancies were reconciled. The
authors included 13 studies (8 cohort, 5 case-control) in their final review: however,
they did not report the total number of studies reviewed and excluded. Despite some
scattered positive findings in some of the studies they reviewed, the authors concluded
there was no causal link between pesticides and prostate cancer.™

Two case-control studies by Settimi et al. evaluated prostate cancer among agri-
cultural workers and included a comprehensive questionnaire to evaluate exposures
as well as potential confounders. The first study evaluated numerous types of cancers
and demonstrated an excess risk of prostate cancer among farmers and farmworkers
(OR = 1.4, 95% CI, 1.0-2.1). When the analysis was limited to those who applied
pesticides, the OR = 1.7, 95% CI, 1.2-2.6.% Assessment of pesticide classes and indi-
vidual pesticides within classes demonstrated risk specificity for organochlorine insec-
ticides, Elevated ORs for prostate cancer were found for “ever being exposed™ to all
organochlorines, DDT and dicofol and tetradifon, All ORs were statistically signifi-
cant, and were slightly higher for those who reported greater than 15 years of exposure
compared to “ever exposed.”™

Another case-control study included data on exposure, diet, lifestyle and occu-
pational factors. A positive association was found for exposure to pesticides, but the
95% Cls were wide. This may have been attributable to the small size of the study — 40
cases — and fewer reporting exposure to pesticides.” Two other case-control studies
found no association with prostate cancer and pesticide use.*’#

Tumors of the Kidney

Arecent review article evaluated renal cancer in adults (primarily renal cell carcinoma)
following occupational exposure to pesticides. This review included four studies, each
of which observed positive associations between pesticides and renal cancer. ¥

Other Associations between Human Cancer and Pesticides

Several different agents used as wood preservatives are currently classified as probable
carcinogens. Pentachlorophenol (PCP) has been classified as a B2 (probable human
carcinogen). In humans, it has been associated with soft tissue sarcoma and kidney and
GI tract cancers; however, a causal link has not been established.™* In animal data
submitted to the U.S. EPA in support of re-registration of PCP liver tumors, pheochro-
mocytomas and hemangiosarcomas were noted, supporting the B2 classification.™
Arsenic is well established as a human carcinogen. Studies show that arsenic
exposure can result in epigenetic dysregulation including DNA methylation, histone
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modification and microRNA expression. These alterations may play a mechanistic role
in cancer development, but long-term studies have not vet confirmed this.” Primary
cancers caused by arsenic include tumors of the lung, bladder and skin. On occasion,
the hyperkeratotic papules described above have undergone malignant transforma-
tion. Years after exposure, dermatologic findings include squamous cell and basal cell
carcinoma, often in sun-protected areas.”

A recent review of lung cancer and arsenic evaluated nine cross-sectional studies,
six cohort studies, and two case-control studies. Despite the limitations of some of
the study designs, the risk ratios and standardized mortality ratios were consistently
high on nearly all of the studies, The evidence was most consistent at high exposure
levels. The evidence was weak or lacking for developing cancer from exposure to
lower levels of arsenic via contaminated drinking water (<100 pg/L)."

ENVIRONMENTAL ENDOCRINE DISRUPTOR EFFECTS

Over the last 15 years there has been increasing interest in the ability of environ-
mental chemicals to disrupt endocrine systems. Many pesticides, pesticide vehicles
and contaminants have endocrine-disrupting properties based on in vitre and animal
studies, While data on human effects remain somewhat fragmentary and inconclusive,
the weight of evidence from multiple lines of investigation appears to support the
concern for human effects. These effects are discussed briefly below, along with the
literature that supports these assertions.

The cellular biology of endocrine disruption is very complex and has been exten-
sively reviewed, While the details are beyond the scope of this manual, the reader is
directed to one of several reviews for more specific information.””'* As a group,
exogenous agents including pesticides that affect the endocrine system have been
labeled endocrine disruptive chemicals (EDCs). Several basic mechanisms have been
identified, including direct interaction with nuclear receptors (NR). disturbance of NR
signaling and changes in hormone availability. /n vitro evidence of the latter exists for
several pesticides. by alteration of P450 enzyme activity that influences the availability
of steroid hormones either by increasing or decreasing the rates of metabolism. For
instance, methoxychlor has been shown to interfere with 5'deiodinase in the liver.'"

Animal Toxicology

Animal studies conducted in the laboratory suggest that some pesticides may disrupt
the endocrine systems of a variety of animals. Vinclozolin. a fungicide with low acute
toxicity, has been shown to be strong antiandrogen in rats when exposure occurs
in utero."* Exposure of female rats to DDT has been shown to lead to precocious
puberty.'” Lindane has been shown to affect adrenal steroid synthesis.'™ There is
considerable evidence that a variety of chemicals, including some pesticides, affect
thyroid function in animals,'%1%

Further support for effects comes from observations in wildlife, These studies
represent the most robust evidence base for various endocrine effects from many
different pesticide classes. Only a few examples are mentioned because of space
constraints. A strong antiandrogen effect was shown in alligators in a lake in Florida in
response to heavy contamination with pesticides including dicofol, DDT and DDE. 9719
Likewise, a relatively strong association has been shown between the biocide tribu-
tyltin (TBT) and pseudohermaphraditism in 150 species of snails.'"™ Marine mammals
have been noted to have high levels of contamination with a variety of chemicals
including pesticides such as DDT, DDE, mirex, dieldrin and chlordane metabolites.'"
These contaminants have been potentially linked to reproductive failure and other
effects due to their endoerine action. For example. PCBs in seals and polar bears have
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